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ABSTRACT

This report describes research leading to the fabrication

of a burn dressing from a foamed acrylate-amide elastomer for

Brooke Army Medical Center, Fort Sam Houston, Texas.

Factors involved in the preparation of the elastomer,

foam, and burn dressing are discussed. A method for determining

the porosity of foamed acrylate-amide elastomers is described.
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1. kntlduction

The apparent tissue acceptance of the acrylate-uide
torpolyaer elastomers in a variety of internal body prostheses
prompted the thought that the material might find application
as a bandaging m~aterial for burns.

This possible application was discussed with Lt. Col.
J. Nottcreif, MC, Cotwanding, U, S, Army Surgical Research Unit.
Brooke Army Medical Center, Fort San Hlouston, Texas and dasir-
able film characteristics for this application were outlined.

They were as follows:

1. Thickness .0120 -. 0160 In. (3.0 - 4.0. -)

2. Elastic Stretch -50-75%. of its length before
tearing

3. Wetta~le - having a water throughput 2.0 - 6.5
Kg/eta /hr at 38 cm of water pressure

4. Color - white

5. Resistance to tear - good

6. Surface Structure
(a) Outside surface - a microporous layer with

pore size ranging from 20 - 25 microns

(b) Wound contact surface - very porous and
irregular eurfaree

Evaluation of such foams on a fairly large number of lab-
oratory antiais by the U. S. Army Surgical Research Unit in-
dicat-d that the aeyl~zs. goa.bid' Lbs moot profx.ke of any of
the siatarials tested as a skin prostI-esis. rood tissue ingrowth
was obtained 'within thriee days of p.ac:'.og it on l.:ha bacVk of a
rat. The pores of the foami filled with serum durig the first
day and eausc-d the. wou'Ad itself to remain utoist. -Vae Per=m 1was
a disadvantage, however# because it became colonized with bacteria
within the first three days. The evaluatioa group, hovever,
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indicated that they may be able to use the foam as a means of
treating the serum that collects and thus inhibit the bacteria.

.The purpose, of this report is to discuss the prepartion
and uniformity, based on a porosity (water throughput) evaluation
of the original foam acrylic elastomer burn dressing material
submitted for surgical evaluation.

Ile Preparation of Elastomes

The 90/7.5/2.5 butyl acrylate-methyl methacrylate-methacryl-
amide terpolymer elastomer latex was selected for this application.
Foam elastomers were fabricated from elastomer latices synthesized
at the U. S. Army Prosthetics Research Laboratory and the Borden
Company. In this report foams fabricated from the USAPRL elastomer
latex will be referred to as Composite A Foams, and foams fab-
ricated from the Borden Company elastomers latex will be referred
to as Composite B Foams.

The latices were compounded as follows:

COMPOUNDED LATEX PAMTS BY WEYCGH

Latex (30-40% solids) 100

Polyethyl methacrylate 21 37
latex (40-50% solids)

Formaldehyde (37% solids) 1.735

II. Peration of Burn Dressings

Composite A - The foam formulation selected was as follows:

Compounded Latex 200 g.
Citric Acid (in solution) 5 ml.
Ammonia (conceatrated) 15 drops (using

Sodium Polyacrilate (50%. standard medicine drop)

solution) L/ 5 ml.
Sodium Fluorosilicate (50%
emulsion) 2 g.

j Rohm & Haas Co., Philadelphia, Pennsylvania

jf Nopco Co., W Newark, New Jersey
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The latex, citric acid, amonia, and sodium polyacrylate
were added to a 1,000 ml. beaker and blended with a flat paddle
stirrer. The mixture was then transferred to the bowl of a Sun-
beam Mixmaster and mixed at high and intermediate speeds unit.
a homogenous mass of.4k times the original volume was obtained.
The sodium fluorosilicate was added and mixing was continued
for 30 seconds at half speed. The resulting foam was poured
over a setting bed consisting of two layers of dacron coth and
spread with a 3/8 inch gap polyethylene blade. After setting
for 16-24 hours at 80-100% relative humidity at 250, the foams
were leached in a boiling water bath for 48-72 hours, immersed
in a 3-5% solution of formaldehyde for 2 hours at 115*C. and
autoclaved at 2606F. for 30 minutes. After processing, the out-
side layer of dacron cloth was stripped from each sample.

Composite B - Burn dressing samples were prepared using
the same procedure as for Composite A, but the following form-
ulation was used:

Compounded Latex 200 g.
Citric Acid (in solution) 5 ml.
Ammonia (concentrated) 25 drops
Sodium polyacrylate (50
solution) 6 ml.
Sodium Fluorosilicato (50
emulsion) 2 s.

After processing, the outside layer of dacron cloth was
removed from 70 of the samples and both layers of cloth were
removed from the remaining 30.

IV. Physical Evaluation

The physical properties of porosity, density, and thickness
were determined for each foam sample sumitted for evaluation.
T ble I siummarizas the results.

The "cloth on" average porosity and average thickness
values are an average of measurements made on two test samples
from each foam which are still reinforced with one layer of
dacron cloth.
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With the exception of B 1, 8, 9, the .cloth off" average
porosity, density, and average thickness values are the measure-
ments made on one test sample from each foam which has had both
layers of dacron cloth removed. The "cloth off" average porosity,
density, and average thickness values for samples B 1, 8, and
9 are the average of three test samples from each foam which have
had both layers of dacron cloth removed.

V. Samples for Surgical Evaluation

Nine samples of Composite A foams with one layer of dacron
cloth reinforcement and ten samples of Composite B foams, seven
with one layer of dacron cloth reinforcement, and three with no
reinforcement were sent to Brooke Army Medical Center, Fort Sam
Houston, Texas for surgical evaluation as burn dressings.

VI. Theory and Discussion

It has been shown that the porosity properties of epoxy 31
porous laminates may be defined by the standard filtration equation.-'
It was decided to apply this equation to delineate the porosity of
burn dressing films.

The standard filtration equation is:

4- 1< sq. 1

where: v - the volume of water (cm3 ) collected up to
time 0 (sec.) 2

A = the cross section of the test sample (cm2)
M - viscosity of the test fluid (centipcise)

a P - pressure drop across the laminate (cm of H 0)
R = resistance of the foam to water flow 2

Plots of porosity vs. pressure difference on a log-log plot
(figs. 1, 2, 3, and 4) produced straight lines with varytkg slopes
indicating no compressibility variation within the limits of the
experiment bu.t a variable resistance.

j/ Hill, J. T., DeVries, E., Leonard, F., SPE, 16, No. 9, Sept. 1960.

hi Perry, J. H., Chem. Engineering Handbook, Ed. 2, McGraw-Hill
Book Co., Subject: Filtration, page 1653, 1941.
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The resistance (R) determined by Equation 2 is presented
in Table 11. Results show that R is defined by,

R= 1Eq. 2
* slope

and is variable.

It is possible to obtain a variable resistance (R) from a

foam sampling made up of foams of similar cell structure if the
thickness and size of the pores are different. Thus to determine
the uniformity of the foams in a smapling, a description of cell
structure is desirable. The Koenzy Filtration Equation lends a
method for determining cell structure of a mate ial which conforms
to the filtration equations. Pore size determined by the Koenzy
Equation would be a description of the average size pore of that
sample. Using this measurement for evaluating the foam elastomer
burn dressing ("cloth off" sampling) one must consider that
different porosity levels exist on the two surfaces of the material,
thus the measured value would not describe any one surface of a
foam but would be a relative value forming a basis for evaluating

the uniformity of a foam composite. For the purposes of this re-
port the pore size determined by the Koenzy Equation for "cloth off"
sample will be dafined as the "Relative Average Pore Size."

The Relative Pore Size is related to the free volume and
surface area of a foam by Equation (3). The surface area

Dre = Eq. 3

where Dre = The Relative Average Pore Size (cm).

B - Volume of voids per unit volume of foam.

So - Surface area of a foam per unit solid volume. (cm)
So - can be determined from the Kcenzy Equation
when arranged as Equation 4.

So2  .M,.. -;/Eq.4

5/ Badger & Branchero, Introduction to Chem. Engrg., McGraw-Hill
Book Co., 1955, Page 579.

§/ Ibid, Page 579
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where = Surface area per unit solid volume (cm1)

A - Cross Section of the test sample (cm2)

M = Viscosity of the test fluid (centipoise) x 10
-2

L - Thickness of the test sample (cm)

AP - Pressure drop across the sample (dynes/cm
2)

33F ax Flow rate of the. test fluid (cm3 /sec)

B a Volume of voids per volume of foam

The volume of voids per unit volume of foam (B) can be determined
from the densities of the foam and solid elastomer. If df is the
density of the foam, de is the density of the elastomer, and w
is weight of a unit volume of foam then the difference wu/df-wu/de
would equal (B).

The Relative Average Pore Size (Dre) was determined for
the "cloth off" samples of the Borden end ISAPRL Burn Dressing
Composites using Equation 5 and 6 and is presented in Table III.
In evaluating the USAPPT. Gomposite 6 out of 9 foams have Dre's in
the range of 40 0 50 microns with the other foams not varying 5.0
microns from this range. For the Borden Company Composite 7 out
of 10 foams have Dre's ranging from 37 - 47 microns with the other
foams not varying 7.0 microns from this range.

In conclusion the water throughput porosity evalu -'tion of
the original foam acrylate elastomer burn dressiL12 s&Ta<.s pre-
sented for field evaluation has demonstrated that a revlicable
foam burn dressing can be made by following the procedure set down
in this report.

Simnary

Methods for the preparation and laboratory evaluation of
acrylate terpolymar foam elastomers to be used in burn dressing
application have been presented. Samples of these materials have
been submitted to Brooke Army Medical Center, Surgical Research
Unit for surgical evaluation.

9



.0
* 4w

C*4 0

%0 DO .

$4 0 re nr- r4co 0 C3 0 %..0 3. %10OC
U) m m m *t N -d m M * -

"44
"44

S0

0. '4.4 1 ) nen e ) Te

V. Qm 0 n M

0

m~ 000000000 -4 00 0 0000 C;oC; 1
CO

0

CO 4'

00

0 0 13.
o .dCj nr L 0 0

Aw~~~0%" 0 0- no% 00L

n4 03 0 %0c-4 -4 4r-Cn' 0--cc ol * * 04 03

0 0

V~~~~e -dUrC n c

100 g~- 0 tn1zO'

U) W cO .. . . . (a 41 en

0 C) 0  -40-0 0Z ~00 00 34 k~ 5 5
C'rn44 4) Q. C

co *.

0~~~~ ~ ~ ~ 0 t.) 4o C D' ' ok -cl- -c

C-0 0>

0~~~~$ 0 0Nf- .) "

(j~- -4 - -t t %zr . - * *l * *^ %0 *l C 0%

.0 W~

pJ 4. 4 4 4 A n n'



C4

-,0 m4 0- t 0

44 00 0 D L3

4J 0 0 0 0 0 0

- 000 0 0 0 0

01 0 0 0 0 0 0 0 0 0

0)0

044 encnco C

CA

0

E-4

co0O L DIn L 1

00 C 0 '- o r 0 N
CN C. '0 o o4 0 N N '

C) eV) C) C') N e

o4 00000
LI 0 0 00

-4. 0 0 0 C 0 0

0 0 C0 C 0 0 0 C 0

S 0 C) 0 0-r. C -

CL 0. 0l 0n 0%0 0 C0
cJ .* * 3

0



C*4

13o c;c ucrs u O J .4 c; L4
cnc cn :tm T . ( -:rO en 4J4Lc~, M~ w % t ~ L

U)

S

0

41

0

13 L4

0 0.

- 0- A
(b u M %0 r L r 4 e C:> C % LA - Ln o.'

> co

p 4  -4

0d 0.

CC

~44
0 0

I.E 4 U.
0 0 0

00

00~ 0n( m n00 L)r tL . 0

p4 4

S13
cc w

C). 4 C1 enI? t %0F-- 0 0% 4 C) %ILn 0 f-CO

E3 r4
c"I

W~~~~~. < -C lMr ' : -



Rtre. 1
v S. Io~P

Ctirnposi+e A OCI0* of

A*7

G48

AP (cmi H.,O)



Corrosj1-e P9Cah,4

LI)O



SL vs. lo ,~ 6

A i6

SAi

4A'7

AA
A0
A51
A02

o,,1

38i G48

Hi~



dvC "C Io0A Ottt, ,dc ' A.

1.277

o.j3

7> -,c o.13 I F

A t ('rr 7, )



r -- - - - - -- -- -- -- --
V 4 to.w410

I : I :.a 3

I,!la~ ...".....- i ,~

-<.+li4 .4. . SO t Q: .. ~ ,.il
. 8 1 .1

iI~ i~ ,,,, i "i ,.

$4 a ~ 54

C, Q., a

.- ,8 ,., J S . , . m It S.

- lli il*' __I'014'I-II 4l 1--,---------.-l [] I
144 cl~ I 1 14

II~~~lii~ A, =.=, I to - , i,
!l1-4. 1 1 i

ti.il"41a . 1 %-4 M t I

":d A-9 ? II I I . ,.- I I I- tq' 1- E Q... i II 3

oI fa4 0 I-4
i48," 1? s I id.41 .u -( .

,I i S W V4I m I I *4 X- 1-, . iJ .', I E I - 
I,

WOI5 0 - 1 s40

- I 0 I I 1 A L
, I,. -b 1 .

LO 40, u at""0 0 il

i 4 "

. . ...................... 0 0 0 .

14 44 114
3. 0o 14 oll

I!4 u '4. 4 -I" l ll

4 we to I

1o .,,

il ~ ~ :4 44.l, 1, Ol~ 4 4 11 44l aj 0I+4

go 0 -a
*5 0 0 0 02

,= - ,,, L ,, ,,. I *+ . .. , , t..-o I * -.- -"

t06 lh0 I 4r1 4 to 0i 2 -,.go.- - u 0'4 '-1' -u 0 -IOU * 0 1 j-_eto , i
, 4cI PO4 -- w

' 'r 
, 3- 0.,.4 C4O 020 to a M ~ 0 '0

8O~. m 0 _ Ii'dZ44 41
46J4 .41 Ow I 4 I- to -A, p.. 4(

34LA. ju Ma ,-



w4 I -14 t

It a 10

1.40 1.4

* ' * I ----- Us...... 0 Pt---
is a 4au

4410 %04 94 e. U.

4
0 0 4 44 5*0, 0.

10 SI ;IOS ug~
Ad

IU1:I00r 
-

.0 0

4-4, t LL, *

4I 41 44. dJ-

44

pie~
~- J

V4 .944i . ~ S ,

14 a -j fr I jg "
0

go I 4)

v) I L w

90 tou v f el (0 ' 4 J


